



































































































































































































In Japan,there areapproximately3,OOO speciesoffish,amongthoseredsea bream
PagrusmojorandJapaneseflounderParalichthys olivaceusareeconomicallyveryimportant.
Redseabreamiscalled"Kingoftheoceanfish" inJapan(Fig.1.1),isanomnivorousand
demersal fish.In nature,redseabreamis distributedfromthecoastalwaters tothe
continentalshelfareainfluencedbywarmocean currents.Globally,thisspeciesisdistributed
from southernHokkaido(Japan)tosouthernKoreanpeninsulaandTaiwantosouthern China
































less abundantinthePacificOcean,notavailablearoundRyukyus islands. Th'IS .specles
naturallyspawnsfromMarchtoMayinKyushuandfromAprilto Juneinth e Seto Inland
Sea\(Ohno,1983\).Artificialpropagationofthisspeciesbecamesuccessfu1in1965.
Japaneseflounder,theleft-eyedflatfish,isacarnivorousspecies \(Fig.1.3\). Globally, this
speciesisdistributedaroundKarahuto,Chisima,andKoreanpeninsulato South China Sea
near Hongkong(Fig.1.4).AroundJapanesecoast,Japaneseflounder isabundantly available
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Tabgeg.g. Repertedoccurreitcc ofdiseasesinmaxinefishandskeggfgshgn katckergesinJapaR\(g989-fl994\)
Cause, NagTaeofdgseases Affectedspecies Cases iit Year Rateof Mortagity
Numberef Larvag j"vegeiie \(gg-\) occurrence \(o/o\)
reported stage stage \(e/o\)
cases,(O/o) \(ms\)el
Viruses Viragnervousnecrosis Rockporgy g 1 92,93 7g(5/7) ge.o
69 japaneseparrotfish 1 e 93 --- -
\(24.0\) Redspottedgreuper 1 2 9g-93 so(2ez4o) 4e-97.g
Kegpgrouper 2 2 92,93 goe(414) 2s-goo
Stripedjack 7 g 9e-93 77(56/72) 75-ROO
Tigerpuffer e 2 93 gooa/2\) 67,78
Barfinffounder o g 93 100(3/3) 6g.7
Viragepidermal Foxjacopever o 2 90,93 10g(212) 3.6g
hypeg'pgasia Barfinfieunder o 2 93 -- 25Japaneseffounder 32 2 9#-93 53(34166) 2o•-geo
Viragascites Yeglowtaig e 2 92,93 gog(sg/ag) 4.3-37.5
Goidstripedaitiaberjack o 3 90-93 66(4160) 6.5--g2
Kuchijirosho\(rnouth Tggerpuffer 9 g 92 33(g13) geo
ugcerdisease\)
Bacu]oviraggnidgut Kuff'umaprawn 2 2 gesg 4g(1313g) s6--geo
ggandgeecresis
Bacteria Vibriosis Rockfish o g 90 g4(1/7) 30
Tigerpuffer e 2 9g,92 7S(3/4) g43oss
Redseabreai?i e g, 92 -- tMarbXedsole o g 94 it- -
JapaResefteunder fi g 90,93 33(1/3) g5625pf
Gogdstripedarrsbeijack o 2 90,92 50(2/4) so,g2
CooRstripeshrisrap 7 o 90,92,93 gogan\) 29-90
Bacteriagenteritis Japanesefiounder g2 o 90-93 5e(12/24) 30--70
PasteureEXosjs Stripedjack o 2 9g,93 25(g/4) 29.6-46.6
YeRowtaig o e 90,93 goe(glE) 25.0
GoldstripedagEberjack o 1 93 -t -.Streptococcicosis Marbgedsoge o g 92 goo(414) 90
Gogdstripedagnberjack o 2 90,92 50(2/4) so.g,s2.o
Abdogninagswegging Redseabreain 3 o 9e,92,93 g5(31g9) 50.0,53.0
Bgackseabreaaxi g e gg --- -
Japaneseffoundef 2 o 9g,93 28(2/7) go,4o
Gidingbacteriag Tigerpuffer e fi• 92 -- tdisease RedseabrearEi e 2 9e,92 -- .Roundnoseftownder 1 8 90-93 55(g5/27) g.gss
japaneseffounder o 2 90 66(213) e.6,g


















































KurumaprawR e 1 90 25(3/g2) 44.0
Parasites Oodiniosis Tigerpuffer o 1 93 -- -7 Scuticociaiatosis Barfinfiounder g e 92 62(5/8) 24










Sangeeinicogiasis yeggowtaig o fi 93 --- -










































c` Buggoses" Marbgedsoge 2 o 94 -- -
"Epithegiagnecrosis" Swirnmingcrab 2 o 92,93 B(916g)






























































































ptgg.2.ge LgghtgxkgcregraphshevvgngdgstiRcgperggeneaftcavgty and absenceoifviscere-
peritoiteag adhesieRgnaftugeaffectedffedseabreatwegarva.R, Riverg]L, intes&gnagtwKergegegP,
pancreas; arrowheadshowgngtheperStoneakavity.]E{Estaiee.
esgge2.2. I.ightffxpgcrograg\)hshowigegstrengvgscere-pergtoncaE adkesRoRwithnoperRtoncall
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gegge2.6. Egectroftnggcregraphskewgng eitterocytes iftait gnaffeÅíeed ffedseabreeksufilaffva.L,
gggxRege;M,ffifRicrovgRgisN,nuÅígeess.
ptgg.2.7. EaeÅírefirtNicrggraphskowgng .antefgor antestinafi engerocytes wigknesffifkerousbgebs
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wrg.2.N$.EgectronxE}icrograp&gshowRng apaitcreatgct-acgnar cegllgitaitunaffected redsea
brearffigarva.N,nucgegs;M,mitochondria.
geSg.2efifi.EllectroitrnRcrograg\)hskiewgng .apoptgtgc bedies gittkepaRcreasof a severeRy
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M7 2g 2S 29
Dkys gegesgkgegeck
wrg. 3.6.NeeisgRbeer*ffer*gfiffeeersfffgsk-geegeeffgeeerfik ffeeditwggeg tw* ffeeditwg Reeweegsgge





















































































































































































































































































































































































































































































ptgg.3.g9.EgectrengxMgcrographshowirtgdepesgtioit efEipid drepgetsggeghe comgEectgvetgssue
layersoftkegntestiRaEwaggiftagad pesthatckogdgarva fedaeL2feediitggeveg. BL,basaft
































































































































gegg.3e2$. Efiectronrgxicrographshowgng eargystageefatfoph ic panÅíreatgcacinaffcegfi iit aa5
dposthatch ogdaffecgedgaffvafedatLg feedgnggeveg.N, esgcaeus, M,giniitechoRdrga; ffER,
roughendopgasicrgretic"gesgii.
geig3e2fle Egectrenriaicrograpkshowigg degeRerated gg3itochoRdria anthepageÅíreakic .acgnay
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gegg.3.2$.LgghtmScrogr3ph shewingnecrosisofthepancreasaRda .Ever adjaceRtteshekgghgy
daggNagediRtestine in aa9 dposthatchogdaffectedgaffvafed ag L2 feedEngaevell.ffN,
































































































































































































































































































































































































g\) daiRyapplgÅíatienefhigherfeeding]eveRigeereasestke grewtkraSe,but cegeceeeitawtNy
decffeasesthes"rvivabiEityofJapaneseffo"ndergarvae ait dj"vesugges,





ptkg. aje2e Photograph skgwing rotgfersepmrichgxiengprocedareerrgapgeyedintkgsst"dy.
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- ne 'xE re
3 6 9 fi2 gs xx8 2A 24 w se 33 36 39 ee ags
Day$ge*sakgeigecbe
Wgg.aj.A@. GrowthchexaeÅëeriseics foc total gength ofJapancse fle"ptder larvae andjuvemeiXes at foagkr feedimg gevels im
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3 6 9 fi2 gs as 2fl pa sw se 33 36 39 42 es
Dewspastkntck
Figaj.Ag.Growth gharacteristies foif drybodyweight ofJapanese fio"nder larvae aancijuveniies atfoew feedimg
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3 6 9 fi2 as gs 2a pa 2ev 3@ 33 36
geesys geestrkatstckr
FigageA2
e Growthcharacteristies fer totaa length ofJapanecse flounder larvac andjuveamiles at four feedirmg levegs intriag 2(xx:30),
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S"mSe96w"6e9 ':i'eve•'i7e9 g-8.9 9ca9e9 geg-flOe9 gfiEangfi.9 a2-A2.9 Xajva"ASe9
Tgtafl gegegek \(gvaftg$R\)
geigeSeae Meannumberoffood\(afterconvembgalft foods imeto equivalent meumberrotifers )1gut ofJapanese floamder 1ewaeewxdjuvemiles





ss ee en feeedtwggeveg ffeedi gegegsed gffifeege
eemffeeedikgegRecxyeE ffed ragseedi gffgeegeaga
as M3ffeedifiwaggeveg ffsedi geeegsed gge*wage
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S-S.9 6pt6e9 ':r-e#i7e9 8-g.9 9"nt9e9 ge-ag.g Aa-gg.g g2-fl2.9 Aajcu"sse9
slfft@tag gengtk \(itptRme\)
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6atva6e9ffii'tufi:Ye9 g-g.g 9s"9e9 a$erefl$e9 Ag-gg.g fi2-g2.9 flagdieXSe9
ToskXRewggbe
gefig.ge4e Meannumberoffooci\(after conveningfoods ineo equavalent rmumberofrotifer\)lgut ofJapanese flounder 1anrae andjuvex}iXes after1h
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ewmaewe9g""8e9 9ma9e9 g@-g$.g xgpmmAa.g fi2reatfi2e9 gaj-ss.9
flg]n$tag gÅíngtk \(ggRggza\)






































































































































































































































































































































Cgrthbge6.3.Pntkggggygff trkeRgetesegmeekafoeegeffeediimgtewegsgeetkÅíla]rwae agedjeeveaxtiXesJgegegeeeesec flgeeeediex
Dkyspgsekntcko
pteedimgteweRs 9 meflsas2g 2aj2V 3g33 36 39 ag2 4S
mg pt ptntua -2b 2me2wa 3it3N8n aNgs 3N3s ajge4s
ac2 ua abgb 2pm2ee 2ge 2me8s Rgs 2N8s
M3 opÅ} -Ala2eeajn dwtsxeN dw4N3ge3N3s 3ge7s 2geews Ags aos
Laj ma flbajbSwa6rk ewgeaee7N 6eeajs6mp2s gifs gos sgs aos
TgekkxeerwbexafsaxEkpteaet ekckfeedtwgXeveblsaffgRpgEgeg=ga; kgetwberbefare getteifgsSkeeewamgberefftke skmgkptewwrfiekpntkegeggcasgaftSeraggexts;
b=bRebbtwggffekec KffRagcask; mp==focaRwaecrasgseffgkeftecaeecgsa; N=exSegesavegeecgegsfiseffSkegecieqcgskgs=saeaugktwgeffekeitecrgsacepttkeag&g Xkyeer
iwaekSinediesegeeecigfigit effcemaneÅëetfiveeasseee;-=:eegtsbeeggeRptxatEig:y wwTkswhsegorftyed.
117
Tthbge6.4.Puth$k*gy off ekee exgcrtwegekmeecreerksngffgeeerfeedfiitggeveegsfigetrkeEaewaeeawadiSeevewafites3agethiteesee ffgeeeedier
DkysgeeswhkeÅëk
Feeditwggeveegs 6 9 AZASg82A2aj2ew3op333g39ee 4S
Lg tu tu 6k2geajth3es6a 8alA3a4A3n 6Adw
M2 vep pt -- snseeggegth3aggeRAajQ2AagA6wa3AYme6Awh
L3 ua Yv gwSxySkdaAASklAkgAda3Ada3Ada2Adw2A8ee3Aewme SAsh




Table6.S.Pagkoaegygff gkeeaEver atfoenr feedigeg Reveflsgmp gkeRarwaeandjuvewfifiesJapanese ffQeeaxder
DaysgegsthaaÅík
Feedifimegaevegs gs gs 2A 24 av 3g 3336 39 42 4g
IE",A
pt tue mp ua mu ua -2ec 3r 3ffaR ajr2R
k2 pt 3if ean 2r 2x. gr gr 3r3Rko 3ecagRXge





3if ser sec gr7r2ee2ff 6R2n 3xajR3wa 3ecajR3wa
Tgtresgpawapaitbewef sagxRpRec thecetsÅík feedtwg geveevsa]twgeimg anon- gG; pmeeewRberbeforegeeeerfis ekerkeekRkbeffefgbee sa]xiixptewtgk gearkkifkoggcaR




gegg.6.fi. Lightrriicrographshowingabseitceofa dhesionsarExoftgtlaevisceraEorgansge tk e
peritoneag wagEinag2dposthatchogdIarvafedatLg feedinggeveE.AI,apmtergergntestiReg ee'
heart;L, ggver;P,exocriitepaRcreas;Pg,posterierintesggne;arrow shewsabsextceofadh .esxoR.
E\(Estaiit.
eegge6e2. Lightgnicrograpkshowgitgstrgfigadhesiefls aggeongthevgsceragergamsto the
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asgg.6.2aj.]LighggysicffegfapkshowiitgRecffgsiso]faÅíEpmarceggsintke eevscfiitg "ty ofbffgxgxÅíhesofghe
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Tl Notcontainedvit.E pt 3 Ll
tl Coittainedvit.E m 3 Ll
T2 Notcontainedvit.E ut 3 L2
t2 Containedvit.E anl 3 L2
T3 Notcontainedvit.E 12 3 Ll
t3 Containedvit.E 12 3 Ll
T4 Noteontainedvit.E 12 3 L2
t4 Containedvit.E 12 3 L2
IS8




9 g3 g7 2a
Feediitggevegs *** *** *** ***
Aeratignperied - * * **
Vitaggaingevegs - *** *** ***
FeedgftggevegsÅ~ - - - -
Aeratieitpefiod
AeratgoitpergedÅ~ - . - "
VitaExftgngeveRs
VitageniingeveisÅ~ - - * **
Feedinggevegs
Vita]rmiingevegsÅ~ - - . -
FeedinggevegÅ~
Aeraeggnperiod
Signgfgcantdiffereitcesare grtdicatedas:*, p<o.es•**' ,p<o.ga; ***p<e.eofls .-
sggngfgcaeet.




9 a3 a7 2g
Feedgitggevels *** *** *** ***
Aeratienperiod - *** *** ***
Vitamiitgevegs ' *** *** ***
FeedgnggeveEsÅ~ - - - -
Aeratiggepergod
AeratienperiedÅ~ . - * .
Vitare3inllevegs
VitaminaevegsÅ~ - - - -
Feedgftgaevegs
VitartraiitllevegsÅ~ " - - -
FeedinggevegÅ~
Aeratgoitpergod




erabsencegfvgt.Eige the acgdvaAueoferwichrgxent acidvageee efegergckedffgtifers
egxricimeeetrKgedgesgxg\) gyxedi"gn
3k\(iitpreseitceofvgt. E\) fi.42 4.94
3h\(iitabsenceofvgt. E\) 2.36 S.38
g5h\(gnpresenceofvgt.E\) R55 6.e9

















































































































































































































pte .;.v'Sk'i, if// s. : l'esoeas


































geig7e7e GrowthpatterrRoffedseabrearxxgarvae aitdjuveitgges RgedifffefeRt Sreatgitewt$
\(it==3O\). BarsareÅ}SE.
g66
2S
-.
<>in-rg"R
pm esttg
kwskS
-A-es
sw
s
AeeÅ~eewop
boe.S,malsesxgex
S79ggg3rsRft7 fl92fi232S2729
gee
90-
-- <\)--T2
80
-- tw---g2
70-
60 --
ts-T4
so- -- A-tt4
40-
30-
20-
ao
o
s7ggag3asfi7 e921232S2729
pmkysge*sgkgegeek
ptgg.7.g.CscKxeeelagiveficrxortaggtiesofffedse3 breagEkRarvaeandjagvenggesat
diffeffenttreatggkents.
g67
Åëlamputew8
GepmeptaseepmSsÅëeesstoppm,ÅëaswaÅëRassfi@pmsgeemediewwseteeeree
ReeseeeerÅëkStwasaegy
g68
ghavegRvestigatedseveragcasesofscxkassgxkertagityocc"rredtwthecegxxggNerciagandi
expergrreenealseedpred"Åítionofdeviastiftger,grouper,Japanesefioeendeffascdredseabreagxi.
Atfifstggho"ghttihatthererNassssgortagfitiesofgarvaeaedjnvengges,wkgchhaveoccRxgrred
repeatedgygnthereceRgyears,wasca"sedbyinfectgousdiseases,bwtEÅíoeegdnoegdepmeRfgedgt
asacawseofgRassgxaertaggtywhentheaffectedgarvaeaftdjuveniaeswereggevestggaged
histopathogggicaEEybyx[ReansefgigktandtransgptissEoneReÅítroitgkkgcrescepy.Oncofgkese
caseshasbeegedescrgbediRChapter2.ThgsiRvestigatie*reveagedtkattkeEaffvaedgedduete
RnjurygfthedRgestivesysSegcrkafidadhesRoitsagxNeitgthevgsÅíeraEorgawstetheperEgeeeeakwaSR.
AgthogghthereallÅíausegfthgsdeathwasunkgitew*,itwascogefmeedghagtbeeewiffxgagswere
itotdgedbytheinfectiogsagewtsasviragoffbacteriaRgN3gEtipggcatgogeoffgeewasiticixvasgogewas
absenttwtkeaffectedaRirnaEs.Ogethebasgscftheseiftveseigations,gs"speceedtkagRarvaeaged
juveptggesfeedinggeveRa"\(Yorfogdquaggtymegghtbetherespgmsgbgeeausesofthisgxgass
gigortaggty.Tofindgutthereagcause(s)oftheabeve-xrRewtigiteddeath,ffdeÅígdedtocendece
expergmentsinascaiethatcg"gdfepresefttghesite]agienofcommefcgaEhatÅíhery.
Knt&kisstwdy,feedingaevekexpergEkxeittswerecondgceediitROOgLaanks."ffkgsscagegs
RargeeiteuglRtorepreseetthecggevefttgenagrearigegsStwatienofcormerciakhatckergesthataffe
prodascirtgRarvaeagedjesvewtgesgffiit-fishes,thogghShereargng$caReinYapaeegsffagheffgairge
\(e.g.2g,OOOtegOO,OOOL\).Iehesyitergiseiceffectofgiptdpes-"exgdagEgnafidifeedEeeggevea
experiffxReatwascgnductedingaboxagoryscafte.
Xnthisstgsdy,feedggxggevegdependeftthypogKRegageosasandserrrReskelletafidefofffimiEtiesatagg
feedinggeveEswereobsefvedincaseoffioesnder,beettheseabeeorEigxagiggeswa$itgtfouitdSitffed
seabreamrR.HypognegafiesRsgnffatfgsExgaavebeexreportedbyageeegxgbergfauehofs\(deVeeee,
g969;Houde,g97ggSeikai,g980;SeRkagetafi.,g987g]Kanazawa,a99g;Astewaoa,g99Ss
Soutar,g995\).ThecagsesofpigigxeittabnoffgiftaEgtywesteswspectredasigxappecoprEateRgghggsug
\(DensenaitdSgxgigh,fi997\),stresss\(VengzegosandBeneeei,g999\),nwtffitgoit\(SegkaR,g989;
Yami}agnotoet.ak.,g992)andrhodopsindeficienÅíy(Kanazawa,g993).ingkepreseneskxgdy,
theRightSittensityaRdsgressinaggfeedgitggeveEwasthesam\ieb"tpercegetagesgfabitgrmag
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cogoredfgshweredifferent.][)evresseetag.(g994)suggestedthaSpggxKNentatiegefegatedwRth
Docgsahexaenoicacid(D]ffA)contentandtheratigofg)]ffAaedeicosapengaepagÅíacgd.gpm
Chapter5itwasderritoRstratedthatiptkggherfeedgnggevegfoodgeegesggonffageof3apaRese
fiounderwashigker.So,SftkefewereanyitutritieftafideficgencyorngtrStReitaQggiigbafiaracegpm
thesuppgiedfood,wkichcoggdhaveregesR3gedghepignegetatgeit,tkentkehggbestfeedRpmg
ievelfedgroupwoulldbehighgyaffected.Theresggtofghisexpefgrritenesgpportstkeconcept
offtutrgtiortaacauseforpseasdo-agbtwgsrEk.MikEetafi.(g990)aitd[g'akegchiegaR.(g995)
reportedthattheabnormagcoagratioscseeffxRsce"idbeprevewtedbyVit.A.Tkeetiogogyef
thgsabfigrrrRagityhasnotyetbeenresogved.Neverthegess,theabnogiiNiafipggKgkengagienhavepa
pathogeftgceffecgoitfisgi(Sogtar,a995).[eheg)eftedleforsptitiesofjapaxesefioeeeedeffEarvae
andjuvenilleshavebeeRdoceefRaentedbyaitgxgrrNberofiitvesgSgagors\(MikietaP.,g990gDedget
aa.,a997;Takeechietag.,a995sTakeuchietaa.,g998).Dedgetag.(aW5)fecgggggKkendedthag
forpreventgegegfboRedeforKrgityofJapanesefiouR(SefRarvae,thesafeEeveftofVEt.A(VA)
shogldbegessehan50IUVA/gdryArgewtaspp.HeagsosesggestedghatgheexcessEeveEef
thisvit.,whiclaisagsoresponsibXeforbogeedefoffgnfity,isgxBoretgftaitagOOEUlgdryArtenein
spp..eeewever,boththesegevegsaregMiuchgessthanthecereceeetratiegeifeÅíerrxRgMiended(gOOOgV
VAIgdryArtemies\)fortheredgctioitoftheocesffrenceofaboergnagpigffgRentation.inffKky
experigriexttthecauseefboptedeformggywasuitcgear.
thisstwdydepaoRstffatedthagappKcationofhighefffeediitggeveXimstigatedboShtheifedsea
breagxeaftdJapanesefioundergarvaeandjuvegegEestocewsugmiefoedatakighergeveR\(Ffigs.3.5,
3.6,4.9,ChapterS\)coggeparedtolgwerfeedinggevefi,ffesggtedsigngfgcanggykEgheifgrowth
\(Figs.3.Z3.8,4.gO,4.gg,4.g2,4.B\)b"tkadinxposedfeediftgReveRdependewtadverseeffecg
oRtkedggestivesystegTa(Ckapters3,6),causedgxkarkedhigheffgxRgrt3gityathggtxefffeeding
gevegs(Figs.3.9,4.g`#).Ageariygaffvagstage,tftxesurvgvaErategshighRyiptfieeeeecedbytheeggs
quafiity(]Kjorsvgketag.,g990sBrefiaageeg.aA.,a994g]Laveftsetall.,a995sARvesetag.,g999).
'lheiitgptaMtythatwasobservedatdgffereRtfeediitggevegsigethepffesentstugdywasgegt
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infigeescedbythisfacter.Asbec3use,gneachexperirxxengssagggequaggtyeggswereessedat
differenttreatrxkents.
ThehgstopathogogicallexafgkgnatiemsevidextgyskgwedtkatthehigkergR2ortaggtkes,wkich
wasobservedgnhigherfeediRggevegsiitbethtkefeedgRggevelbasedexperggpteRes\(Ckapteffs
3,ag\),occ"rreddgetofeedgngaeveldependewttgssuelesgonsinthedigestiveefga*s,itetby
gRfectgogsdgseasesofparasitisgKR.[ThepathologiÅíagaReeratieitgfiboehcgseswgsagrreostsiffifRggar
(Chag)ter3,6).AtwongtheobservedpatkogegicaRÅíhaRgesitecrosgsofiitgestinewastheffxiose
consg\)icueus.'Fftieseqgenceefintestinalg\)athofiogyofboiEkcasesce"lldbeowtRgncdas:
esigherfeedgnggevees=>DeposieionofSipiddropEetsgitentefecytesartdacc"ffRkeeEaeienefa
gargeangeeswtofckygoffrRicroit-ggkebodiesaitdRipiddroplegEgethecegNiMectRveeiss"esgf
Entestine=>bgebbgitgaitdatrgphyoftkesux"cesagceags,sgggiatseductigeegfnRucosallÅíega
xykaterialls,peripheragckErogptatiftarrartgegxaeitt>SeveredagxxagesofgxR"cosagepithegiagcegR
organegges,celggiaeggxbrane,andconrRectgvetiss"e(gagyxgR3proprigaRdsasbffgftucgsa),andpartgag
daff]2agegfnucgeus>SaoughinggftkegrRecesagepgtheggagllayer>FeegadagRR3geofgeascle*s.Eg
fisgikeRythatkypeffunctgoitoftheengeroÅíytesgoadedbyevefffeedingagkighefffeedgngRevefis
reseegtedinceERRnjuryandcegftdeagh.TgxepatkeSoggcagaiteratienisgtkepancfeatgÅíaÅíiReEstcegRs
andgastrgcgga*ds(Chaptef3,6)rxRighgkaveconSffgb"tedteifffaÅíffeasegxRoptaggeyggeboththe
cases.
TllaereareaituxnberofweffksoRtkeigxEpffoveggRentofeewtritiemagquagdyefRivefogds
(Watageabeetag.,g983;Olseitetag.,g989sFrglovetag.,199figOgseftetag.,g993a,b;Ceestteass
.
girgdMourente,a997;Sargentegag.,g997;Britmeyeraitdesogt,g998\)asthefattyacgd
cogykposgtgeRefdietaryAgpidsandespeciaggytheÅíenteRSeftw3hggkfiyljnsat&gratedfatwaÅígds
\(ewFA\)hasbeeptskewntobecriticagfofnorggkgggrowthandsuRvgvagofggRargncfgskgarvae
(Owenetai.,a972sYoReand]Feeji,g975;Coweyetag.,g976;IzqugefdgetaR.,g989sKgveneg
all.,fl992;F"g'e]it3etag.,g998).ORgyRaiAuzzoetag.(1994)repefftedontheeffectofshgg'e--
tergit(24h)andgong-tergrR(Iedgys)gipgderNrgckeseentoitrgtgfer.Tkeyobtatwedhighergipgd
.
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gevegsinshort-terwxeExrgcimentmethod.MgufenSeeSag.(g999a,b)stwdiedtheffegatkomskip$
betweenantgexid3nts,aittgoxidantenzyffgkeaceivitiesandKpgdperexkdatienprodeecgsdgecggeg
eargydeveggpfiNewtineggsaitdaarvae.However,stggEitewgeoreportgsavaggabgeoeetke
syptergistgceffectofggpgdperoxgdatfionandfeediitggevegentkegrowtkaeedgxRortaRfigygffgsk
fiarvaeait\(ggevengRes.[fkgesynergisticeffectofgipi\(ilperexidagggitaitdfeedggaggevegonthe
growthandrrggortagityefredseabreatwlarvaegndjeeveitigeshasbeeitdeKyNonstratedigeekgs
stksdy(Chapeer7).grftxisexperggxgentevidentgyskewedthattkegKgassgitoptagRty,wlaRcheccasrffed
dueteehesyitergksticeffecggfhSgheffeedinggeveg,ewdMgitgtergggaeratiegedasffgngegvefoed
effkricimeittgnabsenceofvitarifkiitE,ÅíouRdbesuccessfksggyprevewtedbyReweringfeedSeeg
geveg,ExgidaefatgonperiedsdariRggivefoodexsrgcimeeS,andaddEngvEtargkieeEinthe
enrichn3ewtgiaediggrE.
1thepfesentexperirExentshaveprevidedabaseggneiRfogrgxxatgoRtkatcanhelpthe
aquaculltesreandfoederEEricimentpredgÅítproducingtwdustrges.inaqwaeegtwe,botkireseed
progdiuctionaitdfgsENcugtRsre,eits"rigegftxighersgrvivaEgsdesgrablle.E'ftReg)reseittssex(fiywgtkred
seabreaxgiandJapanesefieljitderkascfieaffaydegxaeitsgratedthagappRgcaggoeeefhgghegefeedgng
gevellirtcfeasethexxRortagitygnarkedgy.Moregver,appEiÅíaeienofgargeagxgoyftgsoffoodgge
feargRgtagxkscoesgdiRcreaseprodgctioncostsandgowerwateffquaRgty.Sgtkeregspto
advantagetereargarvaeandjgveitgAesathigherfeedtwggeveg.
TlxgsstudykavecgeargyprovedthateffecesoffeedinggeveSsoltgaEvaeandjeevewigefishesg
aRdsynergisticeffectsofhigherfeedinggeveg,aeraeEoftperEgddurgRgfoedeKNriÅíimewtand
presegeceerabsenceofvit.Ecowtributesteekepatsefxisoffegatgvesesceessoffgskspecgesgee
hatckeries.
FrQgnteaisstwgSlyitiscencgudegStgxat:
a\)higherfeedinglleveffgncfeasestkegrewthrategfredseabre3gRandJapaneseffeuitdeff
garvaeandjuveRiaes,butgtaÅítsasastressercagsinghRstgpathggggacagafiterationsiit
theiptestineandpancreas,whichfgitaakygeadthegarvaeandjuvenkgestodeathg
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2\) aathgughhggkerfeediRgleveRisrespgitsibXeforsRgitifgcawtggssesggeseedpfgdecgRgn,
butthisfaÅíeeraAeiteco"Rdit'tprodgceixRassffrrkortaRgtyg
3\) Inabsesuceofantgoxidant,gipidperoxgdatgonoeÅígrsdeeffgeegfoodegRffgcgNimieetg
4\) perexidizedgipidsarekggkgytexgcandsogkkegirerkesfagaEfosfgsh.inkigherfeedgfig
Reveaghepessgbigityofgraxsferrtwgtkesetgxics"bst2ggkcesgnagtkeb@dygffiskis
kRghers
5\) additRefiofvgt.EgrotherantiexkdantsggetheenffkcimentgxaedigyKgRwkRgeniaReggaSethe
prebRegggofNpidperoxidaggege;
6\) feediitgofgoftgkerxif?aeraged-eg)rickedfeed(egxffgchediitabsenceofvig.E)atkigheff
feed3ptgEevegsisfaaagforredseabffeaxgxgarvaeexxgdjagvegeiResg
7\) aitheugheptimutwetwgchneRtpergedforgivefogdisitotdeterminedgRthksstwdy,
suffxcientefiiriÅíhgxpeRtoffoedipffeventiftgkpEdperexidaggonoferggrgcimenaKigedigKifRwsi$g
vig. EandfeedgngthisfoedatgowerEeveRwiRapffevideaseE"tgcnofaggeasge"ofaheÅíases
efggRassgiiertafiitythatareoccasgrxiitgdgetoeegalkrEewncavsesieetheseedprodecSgoeegfred
sea breaxfiigntherecewtyeafs.
Thefeediftggevegform[kassseedpfoduÅítionofffedseabrearwaitdgapanesefio"nderkave
ROtyet beeptdeveEopedtoasettgedgeveE.gitgkeexiseiitgrearingsysgegKR,art3fkÅígaEdigetgseesed
agogegwithtkeggvefoods.IRghisstggdyawifgciaEdietwasgeetused.Feertkeffstrggdyisffeqeeixedto
deterrEainetheoptigitugcrRfeedgitggevegusEngartgfgciaEdietagogegwgekgivefoodsforeges"rfipmgoif
goedheakhofthegarvaeandj"vextRgeswitkkgghesgs$rvivabgRgty.
Presentstg]dyhasshowedthatkigherfeedgnggeveRÅíawsesggnificagestnjesrygngkedggestgve
systegR2, especiallgyiitthegxaucesagepgthegiaggayer.Thesigucosagepitkeffgaggayer,foffexaKxRpge,
visceraR xst}vcgsaEepithelgaNayer,funÅítiemsastheseconddefenceggsceeffbgdyggaiwsegke
, xk3icrebiafigptvasjgsc.ORtheogherhaged,itoR-specgffichugxRoragdefeeece,foffexamiRpRe,rrrRecosag
seÅíretgen,'andbRoedcegfis,especiaggygrageugoÅíytesandgnefiocytes,woffkastkefirstewxdthgrd
defeAcelgnes,respectivegy.gkebreakdewnefthedefencegRne(s)byanycagse(s)Åíowidcreate
a higk oppotwngtyfortSaeopportgnisticpathogepttoiitvadeintotheif)edy(DaEgxReetaE.,
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1997).FxgritthisstgdyieiscaearthattheeverfeedgRgtotheEarvaeandjgvenifiesÅíageaÅítasa
pfigxaaryfaÅítortocreateghiseppomeftity.inghepresentstg]dy,vRrafigffbactergagieefectigns
wereReeencogwtereddurigegghereariitgpergod.ffewever,xerRageykatchergesarefreqgeeetBy
encou*teredbyxifkasseeaertaEitiesd"etokrgowgeerunkggewncawsesigeredseabreaserRaeed
japaneseffexeggder'sseedproduÅítioft.Asffkengiftfectgoysdgseases,vgbriosEs(ca"sagiveageng:
Yibrioglginolyticees)aRdb3cteriagenteritis(causatgveagent:Yibrioichthygenteri)afekgiown
tobetheigTkportaittcausesforsechgxRassxptgrtagities\(ffwataegaR.,fi978;Masffggag99S;
gshinRarRaetag.,1996;Ngshiokaetag.g997\)ofredseabreaKifRandSapameseffeggederg2grvaeaeedi
juvegegges,respeÅítivegy.ThevgsceragorgagesareoiteoftheigxiporSagegcerrkpogeeptsefdefemse
systegpt(I7g"geg984).[ff'heintestiRegsrega!rdedasoiteefggkeRrifkportaittpogrtagofbaÅítergagor
viragewtryEitthefishE)gdytopsed"cegdiiseases(Robertsg989b).Fgrgftkersutkdiesghatexagptifte
theeffectsoffeediitgleveasandshefegationshiptes"sÅíeptibigEtyofpaghogeescowidÅíffeatea
newdiinensioitinthisavenue.Resgltsofgitypresentstudywo"Rdbegsefugfoffpffcvgdigeeg
jfkgRdagcr}entaggRfortwatigniitthisregard,aftdwiggkegpgoestabgiskasoeepmdgeptodeEfoff
sysgerrEaticgarvagrearing.IitthgsstudyeptigrrgussNfoodexeerickkgnentgeeffgedasweggasvgg.Egeveg
gRtheenriÅíimentgitediaxinlaaveRetbeenstgJidied.Fwtheyseegdygnghgsregaerdgssgggestedeo
deveEepagitgreeffgcgewtsystegRtoprevegetauSo-oxidatgogeefhgghgygmsaegsragedfady$cids
dgringggvefoodeffkriciment
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